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Clinical practice guidelinesUse of clinical simulation in the design and evaluation of eHealth systems and applications has increased
during the last decade. This paper describes a methodological approach for using clinical simulations in
the design and evaluation of clinical information systems. The method is based on experiences frommore
than 20 clinical simulation studies conducted at the ITX-lab in the Capital Region of Denmark during the
last 5 years. A ten-step approach to conducting simulations is presented in this paper. To illustrate the
approach, a clinical simulation study concerning implementation of Digital Clinical Practice Guidelines
in a prototype planning and coordination module is presented. In the case study potential beneﬁts were
assessed in a full-scale simulation test including 18 health care professionals. The results showed that
health care professionals can beneﬁt from such a module. Unintended consequences concerning
terminology and changes in the division of responsibility amongst healthcare professionals were also
identiﬁed, and questions were raised concerning future workﬂow across sector borders. Furthermore
unexpected new possible beneﬁts concerning improved communication, content of information in
discharge letters and quality management emerged during the testing. In addition new potential groups
of users were identiﬁed. The case study is used to demonstrate the potential of using the clinical simula-
tion approach described in the paper.
 2015 Elsevier Inc. All rights reserved.1. Introduction
eHealth is extremely complicated due to the substantial com-
plexity of organizations, work practices and physical environments
in healthcare. These matters greatly inﬂuence the development
and application of IT in the healthcare sector. Additionally, poor
eHealth puts patient safety at risk. Up to 70% of patient safety inci-
dents are estimated to be related or due to human factors [1]. The
study of human factors is also called ergonomics and may be
described as the ‘‘scientiﬁc discipline concerned with the under-
standing of interactions among human and other elements of a
system, and the profession that applies theory, principles, data
and methods to design in order to optimize human well-being
and overall system performance’’ [3, p. 2]. The impact that infor-
mation systems may have on clinical work practices is also difﬁcult
to assess by use of quantitative methods, necessitating application
of qualitative approaches. Clinical simulation has gained accep-
tance during the last decade as a powerful qualitative method for
evaluating clinical information systems and their impact on humanfactors and work ﬂow [4,5]. A simulation or a simulator may be
deﬁned as a device ‘‘that attempts to re-create characteristics of
the real world’’ [6, p. 52]. This may be real work actions or process-
es. Clinical simulation has been used for training clinical skills for
more than 40 years [7–10]. Also social-team-oriented and cogni-
tive-individual-oriented aspects of clinical work practice may be
trained by use of simulation [11–13]. During the last decade clini-
cal simulation has gained a growing place in the design and evalua-
tion of clinical information systems [4]. Simulation testing can be a
beneﬁcial method for evaluation of clinical information systems, as
the tests can take place in controlled environments, without the
risk of injuring real patients [14]. Simulation based evaluation
may take place in all phases of the life cycle of a clinical informa-
tion system [15], and may be used for a number of different pur-
poses [5].
Simulation-based evaluation can also be used for testing IT-sys-
tems in new contexts. This may involve consideration of perfor-
mance optimization, safety engineering, modeling of natural or
human systems, examining effects of alternative conditions and
courses of actions when real systems are not accessible [4,16–18].
Simulation may be conducted with [17] or with-out end-users,
or as a hybrid, where simulations with end-users are combined
66 S. Jensen et al. / Journal of Biomedical Informatics 54 (2015) 65–76with computer-based simulations [4]. This paper focuses on clini-
cal simulation with real users enacting realistic clinical work sce-
narios in relation to development and evaluation of clinical
information systems.
Clinical simulation should cover the sociological aspects in the
socio-technical interaction, and these kinds of tests are focused at
the ‘‘human-in-the-loop’’ as opposed to computer-based simulations
focused on the ‘‘computer-in-the-box’’ simulations [16]. Simulation-
based evaluations lead to both technical changes in the IT system
and organizational changes. The technical part of changes might
be user-interface aspects as well as functional changes according
to the support of clinical work ﬂows [2,23,25]. The socio part of
changes might be changes or optimization of work practice and
implementation aspects such as training [26,27,39].
In the Capital Region of Denmark clinical simulation has been
applied since 2007 for evaluation of clinical information systems
before they are implemented at the hospitals in the region. The
clinical simulations take place at the IT Experimentarium (ITX)
[17,19], which is located at the Danish Institute for Medical
Simulation (DIMS) [20] at one of the major university hospitals
in Copenhagen. The ITX-lab was established in 2007 with the pur-
pose of improving the quality and optimization of clinical informa-
tion systems. The results have been promising, and since 2011 it
has been mandatory to conduct clinical simulation evaluations
before new systems that affect clinical work practice are imple-
mented. In the last 5 years there have been more than 20 clinical
simulation studies conducted in the ITX-lab, as seen in Table 1,
to improve the development of activities and assist in the evalua-
tion of clinical information systems [17].
The simulation studies vary from design of computerized clini-
cal support [21,22] and standardized nursing documentation [23]
to evaluation of the impact of innovative technology [24,25]. This
has included evaluation of various kinds of clinical informationTable 1
An overview of clinical simulation studies in the ITX-lab from 2007 to 2014 with descripti
System type Description
Clinical documentation
templates
Vital signs
Cardiologic nursing
Nutrition screening
Medical treatment stomach tube
Multi Disciplinary Team Conf.
Initial nursing assessment of somatic patient
Initial nursing assessment of psychiatric patients
Nursing plans and status of care
Tele health Out patient with COPD
Out patient with COPD
CPOE Integration to national medical record
Drug administration
Integration to national EMR
Merging of 2 different versions of CPOE
Clinical decision support for medication
Patient safety Context-aware sensor and display system for improved
patient safety during operation
EHR Platform for clinicians and electronic health record
Planning and coordination between healthcare sectors
Signing documentation of test resultsystems ranging from Computerized Prescription Order Entry
(CPOE) for medications [26] and clinical documentation templates
[27] to the evaluation of entire Electronic Health Records (EHR)
[28].
Usability may be deﬁned as the ‘‘extent to which a system,
product or service can be used by speciﬁed users to achieve
speciﬁed goals with effectiveness, efﬁciency and satisfaction in a
speciﬁed context of use’’ [29, p. 3]. When using simulations it is
possible to assess the effect of an information system in different
contexts as well as evaluating efﬁciency, satisfaction and effec-
tiveness [30]. Efﬁciency may be deﬁned as ‘‘resources expended
in relation to the accuracy and completeness with which users
achieve goals’’ [29, p. 3], effectiveness may be deﬁned as ‘‘accura-
cy and completeness with which users achieve speciﬁed goals’’
[29, p. 3], and satisfaction may be deﬁned as ‘‘freedom from
discomfort and positive attitudes towards the use of the product’’
[29, p. 3]. Traditional usability testing methods such as heuristic
inspection and usability testing tend to focus on technology
assessing the user-technology interface taking the clinical context
into account, whereas clinical simulation enables inclusion of
additional aspects of the complex clinical work context [17].
Heuristic inspection focuses on the user interface and low ﬁdelity
usability testing focuses on the observation of representative user
interacting with the technology while carrying out representative
tasks. These methods may make a rigorous evaluation of the user
interface and uncover usability challenges in the graphical user
interface. They do not, however, include the full clinical context
and the interdisciplinary aspects of everyday clinical work. Clini-
cal simulation also focuses on work ﬂow and organization looking
into human–job, human–environment and human–organization
interface technologies as opposed to usability testing and heuris-
tic inspections looking mostly into human–technology interface
technologies.on of system types, purpose of study, system maturity and stage in system life cycle.
Purpose of study System maturity Life cycle stage
Input to design and
evaluation
Mature prototype Design
Design
Design
Design
Design
Running system Design
conﬁguration
Design
conﬁguration
Design and conf.
Evaluation of usability Mature prototype Design
Usability evaluation in
patients own home
Immature system Design
Input to design Immature system Design
Evaluation of usability Mature system Test
Immature system Design
Assessment of need for
training
Running system Implementation
Input to design Immature prototype Design
Assessment of effect on
patient safety
Mature prototype Implementation
Input to design and
evaluation of usability
Mature prototype Design
Analysis of user requirements Post-it labels and
cardboard boxes
User requirement
analysis
Assessment of 3 solutions Mature systems Procurement
Assessment of usefulness and
efﬁciency
Mature prototype User requirement
analysis
Evaluation and work practice
assessment
Running system Implementation
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for planning, preparing and conducting clinical simulations. The
method is a generalization gleaned from our experiences from
more than 20 studies where clinical simulation has been used to
support the design, evaluation and optimization of clinical infor-
mation systems before launching them in real practice. In this
paper one simulation study of a prototype for a planning and coor-
dination module will be used as a running example [25]. In addi-
tion, some of the unintended consequences and beneﬁts
discovered during the evaluations will be discussed. In the end
key issues and a methodological approach, in form of 10 steps to
conduct a successful simulation will be highlighted.2. Materials and methods
2.1. Case study
In this section of the paper a case study involving clinical prac-
tice guidelines will be presented and the case study will be used to
illustrate our approach to clinical simulations. Clinical practice
guidelines have been used more frequently in recent years [31].
Continuity of care programs, containing clinical practice guidelines
aimed at planning and decision support for healthcare profession-
als, have been a focus of some of recent work [32]. The Capital
Region of Denmark is exploring the potential beneﬁts of an infor-
mation system for supporting the planning and coordination of
chronic patient across sectors [33]. Patients with Chronic Obstruc-
tive Pulmonary Disease (COPD) and Diabetes Mellitus Type 2
(DM2) were selected to establish a proof of concept project. At that
time there were no information systems supporting coordination
and planning across community nursing, general practitioners
and hospitals in Denmark. The consequence was limited planning
and reduced coordination across the three sectors followed by
decreased quality and compliance with clinical practice guidelines.
International experiences indicated that information systems can
enhance compliance as well as quality of care so such systems
began to be considered [34,35].
The project called ‘‘Chronic 5’’ was launched and aimed to
demonstrate the potential beneﬁts of a Planning and Coordination
Module (PCM) [36]. The project analyzed and speciﬁed the require-
ments for such a system involving clinician end-users, clinical
managers, quality managers, IT-architects and health informatics
experts. In the end a PCM prototype was built on the basis of the
gathered requirements.
The purpose of the PCM was to support the coordination across
sectors, concerning status and planning for patients with COPD and
DM2 according to clinical practice guidelines, and handling of
derived activities and services. Fig. 1 shows the connection
between user groups and the PCM. The digital support was
anticipated to be groundbreaking in Denmark, and was hoped to
offer new opportunities for coherence and continuity in care activ-
ities. Moreover it was expected that the system would be able to
ensure a higher compliance with the existing continuity programs
and clinical practice guidelines.
To realize the intended beneﬁts of a PCM the usability of the
system was essential [37]. The objective of the simulation study
was to assess the potential beneﬁts of a PCM for health care profes-
sionals involved in planning and coordination of patients with
COPD and DM2, primarily focusing on effectiveness and usefulness
of the PCM and user satisfaction. Prototypes may be evaluated in
relation to accuracy and completeness with which users achieve
speciﬁed goals, but evaluations of the resources spent in relation
to this is difﬁcult with prototypes and immature systems, and efﬁ-
ciency cannot be assessed. The clinical simulation approach is well
suited for assessing user satisfaction in realistic contexts of use.Nine leading simulation questions have been proposed in the
project discussed in this paper as a case study:
1. Will the PCM increase clinical utility by allowing users to easily
see recommended activities in the Continuity Programs?
2. Will the digital plan for recommended activities lead to
improved decisions?
3. Will it be easy for users to adjust the course of disease for a
chronic patient in a standardized program?
4. Will the PCM increase clinical utility by allowing users to get an
overview of the plan and activities in the course of disease for a
patient?
5. Will the PCM increase clinical utility by allowing users to see
the activities and responsibilities in the course of disease?
6. Will the PCM increase clinical utility by allowing users to see
relevant diagnoses for co-morbidity and complications, relevant
ﬁndings and referrals in a separate window?
7. Will the PCM increase clinical utility by allowing users to use an
assisted referral without having to re-enter data?
8. Will the PCM increase clinical utility by allowing users to
monitor compliance in the Continuity Programs?
9. Will the PCM increase utility if patients can easily access
data?
The nine leading simulation questions were to be veriﬁed or fal-
siﬁed in order to demonstrate the usefulness of the system.
Fig. 2 shows an example of the user interface of the system.
The column furthest to the left consists of activities and check-
ups in relation to the continuity of care programs (i.e. measure-
ment of blood pressure or weight and 1 year check-up), the
second column from the left shows status for the activities (i.e.
planned or done) and the third and fourth column from the left
shows starts and end dates for activities and check-ups. The
columns to the right show what activities have taken place at a
certain date. Every line is an activity or a check-up according to
the clinical practice guidelines in the continuity program for a
certain area of disease.
2.2. Method
A clinical simulation study makes it possible to evaluate the use
of a prototype in realistic environments [38] and is well suited for
evaluating potential impact [26] as well as cognitive processes and
usability [2]. The overall approach we propose and describe in this
paper involves the following four steps: Purpose, Planning, Prepar-
ing and Performing (see Fig. 3). In this section we will describe the
overall methodological approach and illustrate each stage of the
approach in the context of the case study described in the previous
section.
2.2.1. Purpose
In the initial phases the purpose of clinical simulation may
include analysis of work practice and user requirements, followed
by design and evaluation of new technologies. Later on the purpose
may include implementation aspects such as assessing training
programs and the inﬂuence of new technology on existing or
new work practices.
In the design phase clinical simulations may be used as a
boundary object to gain consensus among different stakeholders;
e.g. helping to develop common understanding between end-users
and the quality unit [27]. Clinical simulation makes it possible for
different stakeholders to observe new technology in use and the
de-brieﬁng interview and discussions that are part of simulations
provide an opportunity for obtaining an understanding of work
practices and user needs. Clinical simulations thereby assist in
revealing divergences between different stakeholders and make
Fig. 1. The PCM and users from different sectors.
Fig. 2. User interface of a 9 month plan for DM2 patients.
Purpose Planning Preparing Performing
Fig. 3. Steps in engineering clinical simulation.
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This may be as part of a participatory design approach making
stakeholders actively involved in the design activities and inﬂu-
ence the design solutions [23]. The clinical simulations may also
be preceded by several design workshops with all stakeholders,
where prototypes are built.
Clinical simulation also makes it possible to assess the needs for
training and information before an actual implementation takesplace. Knowledge concerning work practices and patient safety
issues may be gained, and used as important inputs before or dur-
ing a pilot implementation.
When conducting simulation studies it is important to deﬁne
the purpose from the beginning [39]. As indicated in Fig. 2 the pur-
pose inﬂuences the planning and preparing of the study and estab-
lishes the scope of the actual performing of the evaluation. It is
therefore important that the purpose is deﬁned in close
S. Jensen et al. / Journal of Biomedical Informatics 54 (2015) 65–76 69cooperation with the key stakeholders and accepted by the owners
of the project [40].No. 1: The purpose of the clinical simulation must be focused
and anchored in the organizationTo illustrate step no. 1, the purpose of our running example, i.e.
the evaluation of ‘‘Chronic 5’’, was to evaluate the potential bene-
ﬁts of a PCM for healthcare professionals involved in planning and
coordination of patients with COPD and DM2, which means that it
was mainly the effectiveness of the PCM, that was evaluated, with
a partial focus on user satisfaction (as noted above efﬁciency of the
system was not evaluated during this round of clinical simulation).
The purpose was deﬁned in close collaboration with the core group
of the project which represented the most important stakeholders
such as quality managers, clinical managers, IT-architects and end-
users from all three sectors and it was subsequently accepted by
the steering committee of the project. The PCM was a prototype
built to demonstrate the concept of such an information system
and as such the user interface was merely a presentation of what
such a system could look like. The main focus of the study was
therefore on evaluation of potential usefulness of the system more
than on the ease of use. The steering committee had decided that
the purpose of the clinical simulation was to evaluate the clinical
use of the PCM and not the patients’ use of a PCM. The simulation
study therefore only encompassed healthcare professionals and no
real patients were included in the evaluation.
2.2.2. Planning
After deﬁning the purpose the next phase is planning and
deﬁning the scope for the evaluation. This includes deﬁning
which scenarios to use, deciding how many rounds of evaluations
are to be conducted and determining the number and proﬁle of
the participating clinicians. The number of rounds of evaluation
depends of the number of scenarios that needs to be evaluated,
the amount of participating clinicians and the purpose of the
evaluation.No. 2: Choice of scenarios is crucial and must reﬂect the pur-
pose of clinical simulationEach scenario reﬂects typical tasks in a small fraction of the
clinical work practice and together the scenarios used in clinical
simulation should more or less cover the parts of work practice
that the new technology affects. Scenarios are narrative descrip-
tions of work practices; a kind of ‘‘story’’ about people and their
activities [41]. Scenarios may highlight goals suggested by the
appearance and behavior of the technology, and how people try
to interact with and what they carry out with using the technology.
Scenarios have characteristic elements such as environments and
settings, and include actors. They include sequences of actions
and events, things actors do and things that happens; i.e. changes
in circumstances of the setting. The choice of scenarios affects the
entire evaluation and must be considered carefully in order to
meet the objectives of the evaluation.
The proﬁle of the clinicians who participate in the clinical
simulation must be deﬁned. This concerns both the role of the
potential users and the expectations to their participation during
the evaluation [42].If the evaluation covers broad functionality used in many dif-
ferent specialties and by many different groups of healthcare
professionals, the number of evaluation scenarios tested must
be greater than in evaluation of technology only used by physi-
cians from a very specialized ﬁeld for a very speciﬁc purpose.
Depending on the purpose of the study, clinicians with several
years of experience may be preferable rather than recently qua-
liﬁed clinicians in order for them to focus on the technology
instead of focusing on their performance of the clinical skill. This
may however not always be appropriate, as some studies may
focus on use of technology by novice clinicians. Again the pur-
pose of the evaluation decides the choice of proﬁle for the
clinicians.No. 3: Choice and proﬁle of clinicians must reﬂect the purpose
of the clinical simulationTo illustrate step no. 2 and step no. 3, 5 scenarios were created
in our running case study example. The scenarios covered key
aspects in the coordination across sectors, and concerned status
and planning for chronic patients according to the clinical practice
guidelines. Since the POC was covering two patient groups;
patients with COPD and patients with DM2, we ended up with
10 scenarios. The user groups were deﬁned as hospital doctors,
general practitioners and community nurses. As the purpose did
not encompass patients’ use of the PCM, no patients were included
in the evaluation. Instead it was decided to let team members act
as patients during the simulations. It was decided to let 6 clinicians
from each user group participate in the evaluation. The result was
18 simulation runs bundled into six rounds, where one from each
user group was represented in each round. The proﬁles of the clin-
icians covered both management level and expected end-users. If
for example the GP’s had not been included in the scenarios and
as participants in the simulation, the purpose of the simulation
study would not have been fulﬁlled.
2.2.3. Preparing
When the overall frame for the evaluation has been planned
out the actual test has to be prepared. This includes ﬁnding
potential users, writing the scenarios as well as preparing the
clinical and technical set-up [22]. The clinical set-up should
reﬂect the real settings and the technical set-up must support
the expected use of the system according to the scenarios, tasks
and work practice.No. 4: Complexity in scenarios and patient records must be
carefully consideredThe resources spent on preparing simulation studies can be
rather expensive and time consuming, depending on the com-
plexity in patient cases used during the simulation and the degree
of ﬁdelity and both aspects must therefore be carefully chosen and
must correspond closely to the purpose [26,30]. To illustrate step
no. 4 a simulation study concerning procurement of a large EHR-
platform in two Danish regions scenarios with high complexity
was abandoned [28], and the clinicians indicated afterwards that
the patient cases lacked complexity [40]. The time spent with
end-users in the actual simulation is however not that time
consuming. By preparing the clinical and technical set-up carefully,
70 S. Jensen et al. / Journal of Biomedical Informatics 54 (2015) 65–76the time spent by physician and nurse participants may be only a
couple of hours for a session, depending on the evaluation set-up
and the scenarios.FNo. 5: Planning and preparing clinical simulation is resource
demanding in order to make it time effective for cliniciansTo illustrate step no. 5 each participating healthcare profession-
al spent three hours at the simulation and in the evaluation for our
running example. In contrast with that the planning and preparing
of the running example took several hundred hours.
Fig. 4 shows the general relationship among the purpose of the
evaluation, the degree of ﬁdelity needed during the simulation and
the different phases of the life cycle of clinical information systems [5].
The need for ﬁdelity varies depending on the purpose of the
clinical simulations, and the phase of the life cycle of the informa-
tion system. The degree of ﬁdelity involves attempts to re-create
characteristics of the real world [6] and may include equipment
ﬁdelity, environment ﬁdelity, task ﬁdelity and functional ﬁdelity
[30]. The equipment and functional ﬁdelity corresponds to the
maturity of the system and the phase of the development life cycle,
and the task and environment ﬁdelity may be changed according
to the purpose of the simulation study.
Analysis of user requirements may be conducted with the use of
different degrees of ﬁdelity; both in connection with high ﬁdelity
tasks in form aswell described scenarios and high ﬁdelity equipment
and functionality in formasmatureprototypeswith realistic test data
[26] and in a more experimental way with use of low ﬁdelity equip-
ment and functionality [43]. A ‘‘wizard-of-Oz’’ approachmay be used
in the latter, where cardboard boxes replace equipment and a person
simulates the response and functionalities from the system in formof
handwritten post-it labels [43]. The ‘‘Wizard of Oz’’ method offers
interactive experience without having a real computer system and
mayproduce adequate input to identify user requirements or explore
key tasks in controlled environments [44,45].No. 6: Degree of ﬁdelity must reﬂect the purpose of the clinical
simulation and the maturity of the technologyRehearsals are well worth the effort to pilot test the simulation
before bringing in the test participants for real simulation runs.
Rehearsals may be conducted on scenarios, clinical set-up,
technical set-up, test data implemented in information systems,
and data collection.D
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ig. 4. Clinical simulation and degree of ﬁdelity during development life cycle.No. 7: Rehearsals and pilot studies are important and well
worth the effortTo illustrate step no. 6 the ﬁdelity of tasks and environments
were relatively high in our running example. The scenarios reﬂect-
ed the everyday life and health of patients with COPD and DM2 and
the planning and coordination done by the healthcare profession-
als involved in their treatment and care. The task ﬁdelity was also
high reﬂecting real tasks typically performed by the healthcare
professionals. The simulation room was set up as an ofﬁce, which
could simulate an ofﬁce in all three sectors. The technology and
functional ﬁdelity was not as high; it was an electronic prototype
built to demonstrate the concept of a PCM with just enough func-
tionality needed for assessing usefulness and as such the user
interface was merely a presentation of what such a system could
look like. Even though it was installed on a PC, there was no real
integration and log in with other systems. In another case study
equipment and functional ﬁdelity were very low. In that case study
cardboard boxes and post-it labels were used [43]. As a result it
was not possible to evaluate a technical solution. Instead the study
was used to analyze user requirements as opposed to our running
example where the purpose was to evaluate the effectiveness and
user satisfaction of an actual IT-system.
Eighteen healthcare professionals participated as subjects: six
general practitioners from primary care, six nurses from Commu-
nity nursing, six hospital doctors and two simulation patients.
The simulation runs were bundled into six tests. In each test
healthcare professionals from each of the three areas participated,
and the proﬁles of testers covered both the management level
and the expected end-users. Ten scenarios were composed; ﬁve
with a patient diagnosed with COPD and ﬁve with a patient diag-
nosed with DM2. The scenarios represented situations involving
planning of therapy and further diagnosis concerning a recently
diagnosed patient at the general practitioner, visitation with a
community nurse, rehabilitation with the community nurse,
treatment of the patient at an outpatient clinic due to exacerba-
tion of the condition, and assignment of responsibility from the
hospital doctor to the general practitioner. The scenarios did
not cover all possible uses of the PCM but represented different
points of impact focusing on core functionalities and the assign-
ments from one healthcare professional to another, since these
aspects were the main topics for the assessment. Issues such as
user interface colors, buttons and minor functionalities were not
as such part of the assessment.
The scenarios were composed in a way which made it possible
to assess the nine leading simulation questions. The same general
tasks were performed by the participants during the tests: (1) read
relevant information in the system, (2) document relevant actions,
(3) adjust the plan for the patient. The scenarios were tested and
adjusted at a rehearsal one week before the actual test. To illustrate
step no. 7 in our running example, test data and scenario descrip-
tion were adjusted after the rehearsals. In the case study concern-
ing procurement of an EHR-platform [28,40] several rehearsals
were conducted. The different rehearsals concerned test data and
scenarios, role descriptions and questionnaires.
2.2.4. Performing
Before an actual simulation takes place it is important to intro-
duce the participants to the purpose and the concept of the test e.g.
that it is the system that is being tested and not the participants’
performance. It is also important to introduce the system and all
Table 2
Daily schedule of clinical simulation.
Time Activity
S. Jensen et al. / Journal of Biomedical Informatics 54 (2015) 65–76 71relevant functionalities of the system needed in the scenarios.
Opportunity and time spent on hands-on tasks should reﬂect the
purpose of the evaluation. In evaluation of the intuitiveness of a
system, users might not be offered the opportunity of getting high-
ly acquainted with the system beforehand. In some studies, more
extensive training on the system might be provided before the
evaluation (this will depend on the purpose of the evaluation).
After the introduction and training, the healthcare professional,
who is performing the simulation, is briefed to both the environ-
ment and the scenarios. This includes the locations, the patients
and possible colleagues who are part of the scenario from the
beginning, and the part of the clinical work practice the scenario
is covering. Depending on the purpose of the evaluation, there
might be simulated disturbances incorporated in the scenario,
which the healthcare professional should not know of beforehand
[26]. It is however important that the participant should be able to
feel comfortable about the simulation in order to focus on the sce-
nario and technology instead of the simulation [30].
A facilitator may be located in the simulation room in order to
support the clinician in the use of the technology and during the
simulation of the scenario. Depending on the purpose the facilita-
tor may stay as a ‘‘ﬂy on the wall’’ and remain unobtrusive or alter-
natively actively engage with the clinician. If a high degree of
ﬁdelity is required the facilitator should engage as little as possible,
in order to make the simulation ﬂow naturally. All interruption will
interrupt the cognitive processing of the clinician and the accep-
tance of the simulation, and lower the perceived realism [30].
If possible the participant may be asked to ‘‘think-aloud’’ during
the simulation in order for the observers to gain a deeper under-
standing of the human task-behavior [46]. This method helps
reveal the more cognitive aspects of the interaction between users
and technology and is useful when analyzing user requirements.
Depending on the purpose of the test, the ‘‘think-aloud’’ method
can be supplemented with obser-view, where a facilitator asks
more exhaustive questions about the system use and requirements
[25,47]. It is also possible to make the participant describe the sys-
tem and the functionalities in a fairly natural setting by letting a
‘‘patient’’ or a ‘‘colleague’’ ask questions about the system and
the use of it during the simulation [22]. In order to create a high
degree of ﬁdelity it is important that the participating clinicians
have great familiarity with real work practice. Often clinical and
quality managers are offered to be the participating clinicians but
they are not always familiar with the work processes in real life.
Their knowledge is more focused on how work should be done
instead of how work is actually done. If the participants are not
familiar with work practice the simulations are conducted under
false pretense and the outcome may not be valid. Clinicians with
extensive experience in testing and evaluation of health IT may
also think of themselves as testers instead of clinicians [40].8.30–8.35 Presentation of schedule, preparation and tasks
8.35–8.50 Preparation of simulation room and control room
8.50–8.55 Gathering up
9.00–9.30 Introduction to clinical simulation and IT-systemNo. 8: Real clinicians should be used as participants9.30–9.40 Hands on
9.40–10.00 Clinical simulation: general practitioner
10.00–10.20 Clinical simulation: Community nurse
10.20–10.40 Clinical simulation: Hospital doctor
10.40–11.00 Clinical simulation: general practitioner
11.00–12.00 De-brieﬁng interview
12.00–12.30 Lunch
12.30–13.00 Introduction to Clinical simulation and IT-system
13.00–13.10 Hands on
13.10–13.30 Clinical simulation: general practitioner
13.30–13.50 Clinical simulation: Community nurse
13.50–14.10 Clinical simulation: Hospital doctor
13.10–14.30 Clinical simulation: general practitioner
14.30–15.30 De-brieﬁng interview
15.30–16.30 Instant data analysis and recapitulation of testTo illustrate step no. 8 in our running example one of the team
members in the PCM project, who had previously been working as
a hospital doctor, replaced one of the hospital doctors who should
have participated in the simulation, but during the de-brieﬁng
interview it was difﬁcult for him to not be biased by his earlier
involvement in the development of the PCM.
If the simulation room has an adjoining control room the
simulation instructor and observers may follow the simulation
through a one-way mirror. The role of the instructor is to instruct
the facilitator and the patient during the simulation. The test
instructor has the overall responsibility for the test, and makessure, that the purpose of the simulation is fulﬁlled. During the
simulation the instructor is in radio contact with the facilitator
and the person(s) acting as patient(s) or colleague(s). The instruc-
tor is thereby able to steer the simulation in any direction neces-
sary to attain the objectives of the test. The observers monitor
the simulation and makes notes of their observations. Semi struc-
tured observation guides may be used for observations. The obser-
vations are later used in the debrieﬁng-interview, and in the
evaluation report.
In our running case study example the participants had only
short time with hands-on access to the prototype to be used in
the simulation. Table 2 shows the schedule for one of the three
days. Each day was partitioned into two parts with three clinicians
coming in the morning and three new clinicians coming in at noon.
The ﬁrst scenario was performed by the general practitioner, the
next two scenarios were performed end to end by the community
nurse, the fourth scenario was performed by the hospital physician
and the ﬁfth and last scenario was performed by the general
practitioner.
During the clinical simulation the participants performed the
tasks associated with the scenarios. As part of the scenarios a
patient was seeking the health care professionals. The role of the
patient was played by a health informatics expert with special
knowledge concerning clinical simulation. In all scenarios the
healthcare professionals were asked to revise and modify the plans
for the patient. This was done in cooperation with the patient and
on the basis of the existing ﬁndings and plans. The prototype
included simulated integration with other hospital information
systems in order to replicate the intended integration with legacy
information systems.
As shown in Fig. 5 a facilitator sat next to the participating clin-
ician during the scenario, facilitating the simulation and helping
the clinician in case problems arose using the system. This was
due to the rather immature prototype, the short usage of the sys-
tem, and furthermore the purpose of the test was to assess efﬁcien-
cy and to a lesser degree satisfaction (since the prototype was
meant as a demonstration of the concept). Ease of use was there-
fore not the main focus of this simulation, although it has been
the focus of other studies we have conducted. During the simula-
tion the participant was asked to ‘‘think-aloud’’.
The simulation room had adjoining control rooms as shown at
Fig. 6. In the control room the simulation instructor was located
together with two observers. The observers were representatives
from the different stakeholder groups. Furthermore the two clini-
Fig. 5. Simulation set-up: from left ‘‘patient’’, clinician and facilitator.
900,00900,00
Fig. 6. Overview of the simulation set-up.
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low the simulation from the control room. This helped them to
understand the use of the system and the potential use across
the three sectors.
2.2.5. Data collection and analysis
Clinical simulation evaluation may be carried out by use of
qualitative and quantitative methods [48]. After each set of
simulation scenarios are completed the participating clinicians
are asked to ﬁll out a questionnaire and a debrieﬁng-interview
is held with the clinicians and the observers. The questionnaires
must reﬂect the purpose and may contain questions or state-
ments concerning efﬁciency and satisfaction, as well as questions
or statements concerning the simulations and the realism of the
scenarios.
The interview guide may be composed of open-ended questions
starting with a couple of overall questions concerning positive and
negative features of the system [49]. Afterwards more speciﬁc
questions can be asked in order to let the healthcare professionals
clarify and elaborate on both the statements or questions from the
questionnaires and other subjects that came into their mind. The
composition of questions or statements should reﬂect the purpose
of the test. The interviews may be held individually or in focus
groups. At the end of each day the data from the interviews may
be analyzed using the Instant Data Analysis method (IDA) [50].
IDA is a cost-saving analysis technique which allows usability
evaluations to be conducted, analyzed and documented in just
one day. In a case study from Aalborg University, Denmark it was
discovered that in only 10% of the time required to do video dataanalysis, IDA identiﬁed 85% of the critical usability problems in
the evaluated system. IDA is conducted right after the evaluation
has taken place and observers and facilitators from the usability
evaluation participate in it. On basis of observations and notes
from the simulations and debrieﬁng interviews, usability problems
are identiﬁed, described and categorized. The IDA facilitator subse-
quently types up the ﬁndings.No. 9: Cost saving analysis methods like IDA are very useable
and can be practically applied to analyze the resultant dataIn some simulation studies it may be necessary to do the ana-
lysis in a more traditional manner such as using video data ana-
lysis or Grounded Theory. However, these methods are very
resource intensive, and choice of data collection and analysis
should recommendable reﬂect the purpose of the evaluation.
Observations from simulations, results from IDA and notes from
observations and interviews may be analyzed using analyzing
tools such as e.g. Nvivo [51]. The results from the evaluation
are gathered in a report describing the duration of the clinical
simulation and evaluation.
To illustrate, in our running example we conducted a one-hour
analysis of the resultant data in the end of each of the three days.
These analyses were gathered in an evaluation report at the end of
the study.No. 10: It should be made clear what the mandate of the clin-
icians and the observers is and how the results will be used,
reported and implementedIt must be clariﬁed for whom the results should be presented
and the results and recommendations are to be used and imple-
mented. It must also be clear what the mandate of the clinicians
and observers are.
In our running example the questionnaire was composed of
nine statements concerning the leading questions, two statements
concerning quality management, four statements concerning over-
view of the plan for the patient, two statements concerning the
division of responsibilities, four statements concerning work prac-
tice and efﬁciency, and three statements about the simulation and
the realism in the scenarios. The questionnaire answers were given
using a ﬁve point Likert agree/disagree scale. The interviews were
held in focus groups at the end of each day with semi-structured
questions concerning possibilities and challenges of the concept,
quality, coordination and planning, overview, functionalities and
tasks, acceptance, responsibility and work practice. In our running
example the purpose was to assess the potential beneﬁts of a PCM
for healthcare professionals involved in planning and coordination
of patients with COPD and DM2, and the prototype was only a rep-
resentation of what such a system may look like. The focus was
therefore not on the more speciﬁc usability problems, hence IDA
was considered a sufﬁcient method of analysis.
3. Results of the case study
The case study described in this paper involved giving the par-
ticipants of the simulation a questionnaire as well as conducting a
semi-structured interview with them after the Performing stage
was completed. The results from the questionnaire given par-
ticipants are shown in Fig. 7.
Fig. 7. Average participant rating of the potential beneﬁts from the questionnaire, n = 18.
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sionals agreed to the statement (1 correspond to totally disagree
and 5 corresponds to totally agree). The horizontal scale depicts
the median of the respondents’ answers on a ﬁve point Likert
agree/disagree scale to the 24 statements on the vertical axis.
The leading simulation questions evaluated in statements 1–9
were all conﬁrmed with a score at 4 or higher. Statements 13
and 21 concerning quality management had a mean score of 4.
Statements 11, 12, 17 and 18 concerning overview of the plan for
the patient scored 4 on average. Statements 16 and 19 concerning
the division of responsibilities scored 4 on average. Statements 10,
14 and 15 concerning work practice and efﬁciency scored 4 on
average. Statements 22, 23 and 24 about the simulation and the
realism of the scenarios scored 4 or higher. The only statements
that obtained a lower score than 4 (3.5) was question 20, concern-
ing the statements of whether the PCM would release up more
time to be spend with the patients or not. This result was not how-
ever consistent with the interview. In the interviews the general
opinion was that the PCM would reduce the time spent on the
planning and coordination, but it remains unresolved whether
the time would be spent with the patients. This result was the only
discrepancy between the interview and questionnaire results.
During the interviews the core concept of the PCMwas assessed
as being very useful and as creating many beneﬁts. New ideas were
brought up during the interviews. For example ideas were present-
ed by participants such as using the PCM as a coaching tool for
senior doctors and as an instrument for communication among
colleagues or between other groups of healthcare professionals.
New possible users of a PCM were also identiﬁed during the
interviews. Nurses in primary care were not part of the original
scope of the testing, but one general practitioner saw the PCM as
a very valuable tool for the nurses in primary care. In particular,
as a tool for quality assessment, this was previously done manuallylooking into all patient records one at a time. A PCM would be able
to do the same task automatically across all patients. Quality man-
agement in general was perceived to be enhanced by almost all
clinicians, and two doctors suggested that the content of referrals
and discharge letters could possibly be reduced with the imple-
mentation of PCM, since much of information concerning the
patient would be known by all parts.
Although the concept of the PCM was found to be innovative
and made the healthcare professionals see the planning and coor-
dination of for patients in a new way, most of the healthcare pro-
fessionals had difﬁculties in understanding the concept of a PCM in
the beginning. Its purpose had been explained in advance of the
clinical simulation, but it turned out that the introduction and
training was not quite sufﬁcient. However, the simulations and
observations of clinicians from the other sectors using the system
helped them to understand the concept.
Several issues of concern were brought up during the simula-
tions. Firstly, the healthcare professionals found that the PCM
module gave them a good overview of the patients, but at the same
time they wanted the opportunity to look into details about the
patient. They recommended that this should be looked into when
specifying requirements. The same applied to the use of termi-
nology. The test showed that the terminology used in the three
sectors differed for several central terms such as ‘‘referred to’’
and ‘‘deselected’’. An alignment of terminology would be a positive
side effect of implementing PCM.
Another issue to be addressed was the sharing of responsi-
bility. With PCM all healthcare professionals have the same
access to all data, but should it be possible for a physician at
the hospital to overrule a prescription from the general practi-
tioner – or vice versa? As it is today, the area between primary
and secondary care in Denmark is distinctly separated, but with
a PCM the division is not unambiguous. This is something that
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there was no real integration with existing information systems.
Several users stressed that the implementation of such integra-
tion would be of vital signiﬁcance if the PCM should be used.
The alternative would be to enter the data by hand and no par-
ticipants saw this as a realistic scenario. The overall answer to
the leading simulation questions was that the PCM would
improve quality and compliance of the existing continuity pro-
grams and clinical guidelines, and would increase clinical utility
by supporting work practice and decision making [25]. Further-
more technical and organizational challenges were identiﬁed
which lead to changes in the user requirements speciﬁcation
(e.g. optimization of user interface and overviews and inclusion
of medication and referral notes in the patient status) as well
as speciﬁcation of organizational requirements (e.g. new users,
new work ﬂows and new purposes for using the system) [25].
The healthcare professionals who participated in the simula-
tions were asked (1) whether the simulations were realistic, (2)
whether the simulation helped them gain insight in possible use
of the PCM, and (3) whether they would recommend simulation
study as a future method for this kind of test. The average scores
were 3.6, 4.0 and 4.4 on a Likert scale between 1 and 5 in response
to each of these statements respectively. Furthermore the project
members subsequently expressed that the results would not have
been the same using traditional low ﬁdelity studies, even though
they had doubts about the usefulness of using clinical simulation
with high ﬁdelity.4. Discussion
In this paper we have described a method for conducting clini-
cal simulations during the life cycle of a clinical information sys-
tem, and used a speciﬁc case study as a running example. In the
case study the results from a questionnaire survey given after clin-
ical participants interacted with the system conﬁrmed the nine
leading simulation questions. The healthcare professionals found
potential clinical beneﬁt in using the PCM, which would improve
quality and patient safety. Furthermore new future users were dis-
covered and new potential ways of using the PCMwere also uncov-
ered. Project team members expressed that opinion the results
would not have been the same if the evaluation had not been con-
ducted using high ﬁdelity clinical simulation.
Actual patients were not part of the clinical simulation, but dur-
ing the evaluation, several potential beneﬁts for patients were
mentioned by the HI experts. An additional clinical simulation with
actual patients is therefore recommended in future work with the
PCM.
The degree of realism reﬂected the purpose of the evaluation,
hence the evaluation was semi-experimental with obser-view dur-
ing the test as the systemwas a prototype and was not meant to be
implemented in its present form.
As mentioned the scenarios did not cover all possible use of the
PCM but were designed to enable assessment of nine leading
simulation questions. Furthermore the simulation does not fully
resemble the use of an information system in a real clinical ward,
but offers a high degree of realism and clinical context. Clinical
simulations should therefore not be a substitute for evaluation
conducted during a pilot implementation, but instead regarded
as a complementary way of testing without the risk of injuring real
patients. It should also be noted that 18 questionnaires is a very
small sample, and the results cannot be generalized to all hospital
settings. However, the quantitative data, with a single exception,
are consistent with the qualitative data from the results obtained
from the interviews and the observations. The use of triangulation
strengthens the validity of the results in such studies [48].Several unintended consequences were uncovered. These unin-
tended consequences did not directly concern the PCM, but were
organizational issues that had to be addressed before implement-
ing a PCM. Unintended consequences such as issues concerning
terminology and responsibility had not been apparent before the
simulation test. However, they were most relevant and needed to
be addressed before a ﬁnal implementation of the PCM. Further-
more it was found that a new and innovative concept such as a
PCM needs to be explained thoroughly for all users and stakehold-
ers before it is implemented. Clinical simulation includes the clin-
ical context by viewing clinicians, technology, and work practices
together and thereby facilitates ﬁndings regarding impact on clin-
ical activities not possible using traditional low ﬁdelity evaluation
methods.
The scenarios used in the study covered only fraction of the
clinical work practice. The selection of the scenarios was based
on their relevance with regards to frequency and complexity of
work practice and organization. The effort spent should also reﬂect
these considerations [26]. Time elements are not well-matched
with clinical simulation, with the time health professionals spend
with a system during a test not reﬂecting the social–technical
impact over time. As mentioned in the case study it took some time
before the participants became acquainted with the system. Clini-
cal simulation should therefore not be a substitute for pilot imple-
mentations where an IT-system is implemented in a small and
controlled environment for a shorter or longer period. This is con-
sistent with our experiences from other clinical simulation studies
in the ITX-lab.
Clinical simulation is especially suitable when technology
affects the clinical work practice and there is a need for recreation
of the clinical context; e.g. complex situations and hand-overs.
Clinical simulation is less suited for evaluation of technology
where the technology only affects the relation between a single
user and the technology and the environments are of no conse-
quence. This could be a nurse preparing a pump for medication
before the patient arrives or a medical secretary doing administra-
tive tasks without interruptions from colleagues or patients.
Regarding the general methodological approach described in
this paper, key points that have become apparent from following
10 steps for clinical simulations are the following:
1. The purpose of the clinical simulation must be focused and
anchored in the organization.
2. Choice of scenarios is crucial and must reﬂect the purpose of
clinical simulation.
3. Choice and proﬁle of clinicians must reﬂect the purpose of
the clinical simulation.
4. Complexity in scenarios and patient records must be
carefully considered.
5. Planning and preparing clinical simulation is resource
demanding in order to make it time effective for clinicians.
6. The degree of ﬁdelity must reﬂect the purpose of the clinical
simulation and the maturity of the technology.
7. Rehearsals and pilot studies are important and well worth
the effort.
8. Real clinicians should be used as participants.
9. Cost saving analysis methods like IDA are very useable and
can be practically applied to analyze the resultant data.
10. It should be made clear what the mandate of the clinicians
and the observers is and how the results will be used, report-
ed and implemented.
5. Conclusions
In this paper we described a method for conducting clinical
simulations highlighting 10 steps to a successful simulation. The
S. Jensen et al. / Journal of Biomedical Informatics 54 (2015) 65–76 75results from the simulation case study about the PCM indicate that
HC professionals from primary care, community nursing and the
hospitals will beneﬁt from an implementation of such a module.
The beneﬁts concern primarily communication issues, planning
and coordination, work practice enhancements, and quality man-
agement. Several organizational issues have to be addressed,
including use of terminology and delegation of responsibilities
before an information system as PCM can be implemented.
Furthermore the results from this, and additional simulation
studies, show that full scale simulation studies are a useful method
for testing the feasibility of information systems especially when
taking into account the resources spent. Not only were the leading
simulation questions conﬁrmed in this study but new unintended
potential beneﬁts were identiﬁed during the simulation test. Clin-
ical simulation covers only part of the range of tests which should
be conducted, and it should not be a substitute for a pilot imple-
mentation test in real settings. However it is possible to use clinical
simulations to gain important knowledge concerning work prac-
tices, usability and human factors prior to widespread system
release, and they can thereby contribute greatly to ensuring
patient safety.
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